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(54) Optical amplifier evaluation method and optical amplifier evaluation instrument 



(57) In an optical amplifier evaluation instrument, a 
rectangular spectrum light source 1 transmits continu- 
ous light having a wide-band and flat spectrum shape, 
a first optical modulator 2 receives and pulse-modulates 
the continuous light. Further, a second optical modulator 
3 operates in the same period as the first optical modu- 
lator 2 and performs the on/off pulse operation, thereby 
providing a sampling window in a time domain for ex- 



tracting and suppressing an optical signal. Amodulation 
signal generation section 4 performs such control and 
drive. An optical signal undergoing pulse intensity mod- 
ulation is input to a measured optical amplifier 6. Post- 
amplified signal light power for each frequency compo- 
nent and amplified spontaneous emission power for 
each frequency component in a time domain in which 
no optical pulse signal exists are measured and opera- 
tions are performed for each wavelength. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention relates to an optical amplifier 
evaluation method and an optical amplifier evaluation 
instrument for evaluating the gain and noise figure of an 
optical amplifier when the optical amplifier amplifies a 
wavelength multiplexed signal light beam (or frequency 
multiplex signal light beam) provided by multiplexing a 
plurality of signal light beams different in wavelength 
(namely, frequency) in an optical signal. 

2. Description of the Related Art 

[0002] First, the measuring principle and a measuring 
method of the gain and noise figure of an optical ampli- 
fier in an optical amplifier evaluation instrument having 
been used hitherto. 

[0003] Gain [G n ] and noise figure [NF n ] when the op- 
tical amplifier amplifies a multiplex signal (WDM: Wave- 
length Division Multiplex) of signal light beam having 
one wavelength (namely, frequency) or signal light 
beams output by n light sources (wavelengths X, to X m ) 
different in wavelength (frequency) having been intro- 
duced heavily commercially in recent years are found 
according to expressions. (3) and (4) respectively. 

~ ^out _ n " P ASE _ n , ox 

G n = ^ (3) 

m_n 

NF = Pase -° + J- (4) 
n h G G v 

where n is 1 to m. 

[0004] [P ln n ] is light power of signal light beam input 
to the opticaf amplifier, [P ouU J is output light power of 
amplified signal light beam output from the optical am- 
plifier, [P A sE_nl ' s amplified spontaneous emission pow- 
er output from the optical amplifier in the wavelength that 
the signal light beam has, [Av n ] is an optical signal light 
passage band width of a light intensity measuring instru- 
ment for measuring the amplified spontaneous emission 
power [P A sE_nl" [ v nl is tne frequency proper to the signal 
light beam input to the optical amplifier, and [h] is a 
Planck's constant. 

[0005] The suffix "ASE" is an abbreviation for Ampli- 
fied Spontaneous Emission and refers to amplification 
based on a so-called spontaneous emission process in 
which excited atoms spontaneously emit light independ- 
ently of the external effect and make a transition to any 
other stationary energy state. 
[0006] However, to find the noise figure [NFJ using 
the above-mentioned expression (4), it is difficult to di- 



rectly find the noise figure [NF n ] because generally the 
output light power of amplified signal light beam [P out _J 
is superposed on the amplified spontaneous emission 
power [P A sE_nl f° r output. Then, in a related art, the 
5 noise figure [NFJ is measured according to the follow- 
ing method: 

[0007] The measuring method of the noise figure 
[NFJ in the related art will be discussed in detail. 
[0008] FIG. 1 5 is a block diagram to show the config- 
10 uration of an optical amplifier evaluation instrument and 
an optical amplifier evaluation method in the related art. 
That is, it is a diagram to describe the method of meas- 
uring the gain and noise figure of an optical amplifier in 
the related art. In the figure, signal light beams from light 
15 sources 101a, 101b, 101c,..., and 101n different in 
wavelength (frequency) are combined by an optical 
combiner 102, then the resultant signal light beam is 
pulse-intensity-moduiated by a first optical modulator 
103 and is input through an input optical terminal 108 to 
20 a measured optical amplifier 1 07. The input signal light 
spectrum at this time is a wavelength multiplexed input 
signal light spectrum 110 shown in FIG. 16, and the first 
optical modulator 103 is controlled by a pulse signal [a] 
output from a modulation signal generation section 105. 
25 [0009] The input signal light beam is amplified and 
output from the measured optical amplifier 107. Since 
the input signal light beam is pulse-modulated, the am- 
plified signal light beam output undergoes a propagation 
delay of the measured optical amplifier 1 07 and is shift- 
30 ed in phase, but is produced in a pulse state in the same 
period. The above-mentioned amplified spontaneous 
emission is output regardless of the presence or ab- 
sence of pulse. At this time, the pulse modulation period 
is a period sufficiently shorter than the atomic lifetime at 
35 upper level of the amplification medium of the measured 
optical amplifier 1 07 or the carrier lifetime, so that the 
amplified spontaneous emission (generally called 
"ASE") becomes an almost constant light output level 
regardless of whether the input signal light beam is on 
40 or off. The output light spectrum of the measured optical 
amplifier 1 07 becomes a waveform like an output light 
spectrum 111 shown in FIG. 16. FIG. 16 is a drawing to 
show the wavelength multiplexed signal light beam am- 
plification form of the measured optical amplifier in the 
45 related art. 

[0010] Output light of the measured optical amplifier 
107 is input through an output optical terminal 109 to a 
second optical modulator 104. The second light modu- 
lator 104 is controlled by a pulse signal [b] output from 
so the modulation signal generation section 105. The first 
optical modulator 1 03 and the second optical modulator 
104 are driven in the same period and the phase of the 
second optical modulator 104 can be arbitrarily set in 
the 360-degree range based on the modulation timing 
55 of the first optical modulator 1 03. 

[001 1 ] First, the input optical terminal 1 08 and the out- 
put optical terminal 1 09 are previously connected direct- 
ly as 108' and 109' and the light power [P m J for each 
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frequency [ v n ] of signal light beam input to the meas- 
ured optical amplifier 1 07 is measured by a light intensity 
measuring instrument 1 06. The spectrum at this time is 
exactly as 112 in FIG. 17. FIG. 17 is a drawing to show 
each light power measured in the related art as spec- 
trum display. 

[0012] Next, the input optical terminal 108 and the out- 
put optical terminal 109 are connected to the measured 
optical amplifier 107 and the light power [P ou{ n ] of the 
amplified signal light beam output from the measured 
optical amplifier 107 is measured for each frequency. 
The spectrum at this time is exactly as 113 in FIG. 17. 
The phases of the first optical modulator 103 and the 
second optical modulator 104 are the relationship be- 
tween A (modulation timing of first optical modulator) 
and C (timing of second optical modulator when post- 
amplified signal light beam [P out _ n ] is measured), and 
the propagation time of a waveguide of the measured 
optical amplifier 107 appears as a delay. FIG. 18 is a 
drawing to show the relative phase relationships among 
the first modulator, pulse light output by the measured 
optical amplifier, and the second modulator in the relat- 
ed art. 

[0013] Next, the phase of the second modulator 104 
is shifted 180 degrees with respect to C (timing of sec- 
ond optical modulator when post-amplified signal light 
beam [P out n ] is measured) like the relationship between 
A (modulation timing of first optical modulator) and D 
(timing of second optical modulator when amplified 
spontaneous emission power [P A sE_nl IS measured), 
and amplified spontaneous emission power [P A sE_nl 
output by the measured optical amplifier 107 is meas- 
ured for each frequency. The amplified spontaneous 
emission spectrum at this time is exactly as waveform 
114 in FIG. 17. 

[0014] The measurement values are assigned to the 
above-mentioned expressions (3) and (4), whereby the 
gain and noise figure of the measured optical amplifier 
107 can be calculated and found. 
[0015] FIG. 19 shows the characteristics of the gain 
and noise figure of the measured optical amplifier 107 
at the wavelength multiplexed signal light amplification 
time, found by the above-mentioned calculation, name- 
ly, shows wavelength characteristic of the gain, 1 1 5, and 
wavelength characteristic of the noise figure, 116. 
[0016] As described above, in the related art, meas- 
urement is executed as many as the number of wave- 
lengths of the light sources multiplexed and thus the 
measurement result is plotted discretely on the wave- 
length axis. Therefore, to increase the number of plots 
and provide continuous data, it is necessary to provide 
as many light sources as required for the purpose and 
multiplex. Such a measuring technique is disclosed in 
JP-A-09-01 8391 already proposed by the inventor et. al. 
[0017] The optical amplifier evaluation method ac- 
cording to the related art is very effective for evaluating 
the gain and noise figure for each channel in a previous- 
ly fixed known single-wavelength optical signal or mul- 



tiple-wavelength multiplexed optical signal. However, to 
evaluate an optical amplifier in multiple-wavelength mul- 
tiplexed optical signal, as many light sources as the re- 
quired number of wavelengths need to be provided, 

5 leading to a large-scaled and expensive evaluation in- 
strument. The wavelength in each channel is fixed and 
the band for each channel of an optical combiner is also 
limited and it is hard to vary the wavelength in a wide 
range, thus it is difficult to evaluate the gain and noise 

10 figure characteristics in any desired wavelength be- 
tween channels, for example, other than the wave- 
lengths proper to the light sources provided. 
[0018] To solve the problem of providing a large 
number of light sources, a probe method of decreasing 

15 the number of channels of the light sources input to a 
measured optical amplifier as compared with that under 
the actual operating condition and applying the homo- 
geneous characteristic of an optical amplifier is pro- 
posed. In the probe method, measurement is executed 

20 according to the following method: The measured opti- 
cal amplifier is saturated by inputting a few number of 
channels (one to several channels ) and the same value 
of the total signal light power as the total light power of 
actually used multiplex signal light. Further, probe signal 

25 of tunable laser source or EELED, etc. , is input with low 
input light power to such an extent that the measured 
optical amplifier is not affected. To input the source as 
the probe signal light, the probe signal light wavelength 
is set in accordance with each wavelength of actual 

30 WDM signal light, and output signal light power and out- 
put amplified spontaneous emission power of the meas- 
ured optical amplifier in the state are measured, where- 
by the gain and noise figure characteristics in the actual 
use state are calculated. 

35 [0019] However, in the probe method, the gain char- 
acteristic of the measured optical amplifier changes de- 
pending on the setup condition of the wavelength 
(namely, frequency) of signal light input to saturate the 
measured optical amplifier and thus it is difficult to set 

40 the optimum condition for maintaining the homogene- 
ous characteristic. If the optical frequencies of probe sig- 
nal light and signal light input to the measured optical 
amplifier to saturate the measured optical amplifier are 
brought close to each other, the gain characteristic and 

45 the noise figure characteristic change because of a 
spectral hole burning phenomenon; this is a problem. It 
is hard for the method to precisely evaluate the meas- 
ured optical amplifier. 

so SUMMARY OF THE INVENTION 

[0020] It is therefore an object of the invention to pro- 
vide an optical amplifier evaluation method and an op- 
tical amplifier evaluation instrument capable of measur- 
55 ing the characteristic of a measured optical amplifier 
easily and with high accuracy without a measurement 
error caused by the measuring person and capable of 
continuously measuring noise figures of a large number 
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of measured optical amplifiers. 
[0021] To the end, according to a first aspect of the 
invention, pulse intensity modulation is executed for a 
rectangular spectrum light source for providing high-lev- 
el light output having a flat characteristic at an output 
level in an arbitrary wavelength (namely, frequency) 
range of an optical signal and a rectangular spectrum 
shape over a wide band in a sufficiently shorter period 
than the atomic lifetime at an upper level of the meas- 
ured optical amplifier or the carrier lifetime, the on/off 
state of signal light is caused to exist in a constant period 
and with a constant width on the time axis, and the result 
is input to a measured optical amplifier. 
[0022] The phase of the second optical modulator is 
controlled, the sampling window is synchronized with a 
time domain in which an optical pulse signal exists, and 
post-amplified signal light power [P ou uJ for each fre " 
quency component contained in the rectangular spec- 
trum light source is measured. The sampling window is 
synchronized with a time domain in which an optical 
pulse signal does not exis, and amplified spontaneous 
emission power [P A sE_nl for eacn frequency component 
contained in the rectangular spectrum light source is 
measured. The noise figure of the measured optical am- 
plifier, [NF n ], is computed with respect to each of the 
wavelengths (namely, optical frequencies) according to 



NF = ^5L 
n h. n G n 



(5) 



wherein a blank constant is [h], each frequency compo- 
nent contained in the rectangular spectrum light source 
undergoing the pulse modulation is [v n ], the gain of the 
measured optical amplifier at each frequency is [G n ], the 
optical signal light passage band width of a light intensity 
measuring instrument when the amplified spontaneous 
emission power [P A sE_nl synchronized with the time do- 
main in which no optical pulse signal exist is measured 
is [Av n ], and the sampling wavelength in a level flat por- 
tion of the rectangular spectrum light source is n=1 to m. 
[0023] According to a second aspect of the invention, 
in the first aspect of the invention, the gain [G n ] at each 
wavelength (namely, frequency) of input signal light of 
the measured optical amplifier is calculated according to 



P out_n ; P ASE_n 
P. 

r in_ n 



(6) 



[0024] According to a third aspect of the invention, in 
the first or second aspect of the invention, the fluctua- 
tions of the values dependent on the input optical fre- 
quencies of the gain [G n ] and the noise figure [NF n ] of 
the measured optical amplifier can be found continuous- 
ly with respect to a wavelength (namely, frequency) axis 
based on continuity of the spectrum of the wide-band 
rectangular spectrum light source used as the light 



source and slopes of the gain [G n ] and the noise figure 
[NF n ] at any desired wavelength (namely, frequency) 
can be found from the result. 

[0025] According to a fourth aspect of the invention, 

5 in the first or second aspect of the invention, pulse mod- 
ulation light input to the measured optical amplifier is 
generated by pulse-modulating the rectangular spec- 
trum light source directly by an electric pulse signal. 
[0026] Further, according to a fifth aspect of the inven- 

10 tion, in the first or second aspect of the invention, when 
the output light from the rectangular shape spectrum 
light source is a continuous wave (generally called 
"CW") light, it is passed through the optical modulator 
(for example, optical switch) driven by an electric pulse 

is signal for pulse modulation, and an optical pulse fed into 
input of the measured optical amplifier is provided. 
[0027] According to a sixth aspect of the invention, in 
the first or second aspect of the invention, an optical 
modulator (for example, optical switch) driven by a re- 

20 petitive pulse signal synchronized with an optical pulse 
signal supplied to the measured optical amplifier is used 
to separate two types of output light power of the post- 
amplified signal light power [P out _ n ] and the amplified 
spontaneous emission power [Pase^J continuously out- 

25 put in time sequence from the measured optical ampli- 
fier. 

[0028] Further, according to a seventh aspect of the 
invention, in the first or second aspect of the invention, 
two types of output light power of the post-amplified sig- 
30 nal light power [P out n ] and the amplified spontaneous 
emission power [Pase nl continuously output in time se- 
quence from the measured optical amplifier are meas- 
ured by the light intensity measuring instrument such as 
an optical spectrum analyzer having a gate measuring 

35 function based on timing conducts measurement. 
[0029] According to an eighth aspect of the invention, 
in the first or second aspect of the invention, the width 
(that is, time) of the sampling window as the second op- 
tical modulator is turned on/off is shorter than the width 

40 or the time during which the first optical modulator is on 
or off and relative phase relationship such that an over- 
lap exists in time domains preceding and following the 
sampling window of the second optical modulator as the 
first optical modulator is turned on or off is set. 

45 [0030] Further, according to a ninth aspect of the in- 
vention, in the first or second aspect of the invention, 
the measured optical amplifier is a rare earth element 
doped optical fiber amplifier and the modulation fre- 
quency of intensity modulation light is 10 kHz or more. 

so [0031 ] According to a tenth aspect of the invention, in 
the first or second aspect of the invention, the measured 
optical amplifier is a semiconductor optical amplifier and 
the modulation frequency of intensity modulation light is 
1 GHz or more. 

55 [0032] Further, according to an eleventh aspect of the 
invention, in the first or second aspect of the invention, 
the optical modulator (for example, optica! switch) used 
for pulse-modulating the signal light is an acousto-optic 
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switch. 

[0033] According to a twelfth aspect of the invention, 
in the first or second aspect of the invention, the optical 
modulator (for example, optical switch) for separating 
the post-amplified signal light power [P ouU J and tne anv 5 
plified spontaneous emission power [P A sE_rJ output 
from the measured optical amplifier is an acousto-optic 
modulator. 

[0034] According to a thirteenth aspect of the inven- 
tion, there is provided an optical amplifier evaluation in- 10 
strument comprising a control and arithmetic unit for 
controlling the components to realize an optical amplifier 
evaluation method as set forth in any one of the first to 
twelfth aspects of the invention, performing operations 
on the results detected by the light intensity measuring 15 
instrument, and calculating the gain [G n ] and the noise 
figure [NFJ of the measured optical amplifier for making 
it possible to conduct automatic measurement. 
[0035] According to a fourteenth aspect of the inven- 
tion, the optical amplifier evaluation instrument as set 20 
forth in the thirteenth aspect of the invention further com- 
prises an optical variable attenuator for varying pulse- 
modulated light power of the rectangular spectrum light 
source input to the measured optical amplifier and set- 
ting arbitrary input light power, wherein the optical vari- 25 
able attenuator is controlled by the control and arithme- 
tic unit. 

[0036] Further, according to a fifteenth aspect of the 
invention, the optical amplifier evaluation instrument as 
set fourth in the thirteenth or fourteenth aspect of the 30 
invention further comprises optical path switch means, 
wherein the optical path switch means is controlled by 
the control and arithmetic unit, whereby the light power 
for each frequency component input to the measured 
optical amplifier, [P iru J. and the post-amplified signal 35 
light power [P out n ] and the amplified spontaneous emis- 
sion power [P A SE_nl output from the measured optical 
amplifier are measured automatically. 

BRIEF DESCRIPTION OF THE DRAWINGS ^ 

[0037] In the accompanying drawings: 

FIG. 1 is a block diagram to show the configuration 
of an optical amplifier evaluation instrument and an 45 
optical amplifier evaluation method common to em- 
bodiments of the invention; 
FIG. 2 is a drawing to show an ideal spectrum form 
output by a rectangular spectrum light source in a 
first embodiment of the invention; 50 
FIG. 3 is a drawing to show the amplification form 
of a measured optical amplifier based on an input 
rectangular spectrum and output light spectrum of 
the measured optical amplifier in the first embodi- 
ment of the invention; 55 
FIG. 4 is a drawing to show the gain characteristic 
and noise figure characteristic of the measured op- 
tical amplifier, measured in the first embodiment of 



r 



the invention with a wavelength axis as a variable 
FIG. 5 is a drawing to show the amplification form 
when wavelength multiplexed signal light in the first 
embodiment of the invention and wavelength mul- 
tiplexed signal light in the related art are input to the 
same measured optical amplifier; 
FIG. 6 is a drawing to show comparison between 
the gain characteristic and the noise figure charac- 
teristic in the first embodiment of the invention and 
those in the related art with a wavelength axis as a 
parameter; 

FIG. 7 is a drawing to show the relative phase rela- 
tionship between pulse light output by the meas- 
ured optical amplifier and a second optical amplifier 
in the first embodiment of the invention; 
FIG. 8 is a drawing to show an example of a gain 
slope caused by a ripple contained in a measured 
optical amplifier in a second embodiment of the in- 
vention; 

FIG. 9 is a block diagram to show the configuration 
of an optical amplifier evaluation instrument and an 
optical amplifier evaluation method in a third em- 
bodiment of the invention; 
FIG. 1 0 is a drawing to show the relative phase re- 
lationships among a first modulator, pulse light out- 
put by a measured optical amplifier, and a second 
optical amplifier in a fourth embodiment of the in- 
vention; 

FIG. 11 is a block diagram to show the configuration 
of an optical amplifier evaluation instrument and an 
optical amplifier evaluation method in a fifth embod- 
iment of the invention; 

FIG. 12 is a block diagram to show another config- 
uration of the optical amplifier evaluation instrument 
and the optical amplifier evaluation method in the 
fifth embodiment of the invention; 
FIG. 13 is a block diagram to show a configuration 
example of optical path switch means in a ninth em- 
bodiment of the invention; 
FIG. 14 is a block diagram to show another config- 
uration example of optical path switch means in the 
ninth embodiment of the invention; 
FIG. 1 5 is a block diagram to show the configuration 
of an optical amplifier evaluation instrument and an 
optical amplifier evaluation method in a related art; 
FIG. 16 is a drawing to show the wavelength multi- 
plexed signal light beam amplification form of a 
measured optical amplifier in the related art; 
FIG. 17 is a drawing to show each optical power 
measured in the related art as spectrum display; 
FIG. 18 is a drawing to show the relative phase re- 
lationships among a first modulator, pulse light out- 
put by the measured optical amplifier, and a second 
modulator in the related art; and 
FIG. 19 is a drawing to show the measurement re- 
sults of the gain and noise figure of the measured 
optical amplifier in the optical amplifier evaluation 
method and the optical amplifier evaluation instru- 
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ment in the related art with a wavelength axis as a 
variable. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] Now, a description will be given inmore detail 
of preferred embodiments of the invention with refer- 
ence to the accompanying drawings. 
[0039] First, a first embodiment of the invention will 
be discussed. FIG. 1 is a block diagram to show the con- 
figuration of an optical amplifier evaluation instrument 
and an optical amplifier evaluation method common to 
the embodiments of the invention. The configuration in 
FIG. 1 is the most fundamental and can be developed 
to various configurations described below. 
[0040] In FIG. 1, the optical amplifier evaluation in- 
strument comprises a rectangular spectrum light source 
1 having a wide-band and flat spectrum shape, a first 
optical modulator 2 for pulse-modulating CW light, a 
second optical modulator 3 for operating in the same 
period as the first optical modulator 2 and performing 
the on/off pulse operation, thereby providing a sampling 
window in a time domain for extracting and suppressing 
an optical signal, a modulation signal generation section 
4 for controlling and driving the first and second optical 
modulators 2 and 3, a light intensity measuring instru- 
ment 5 such as an optical spectrum analyzer, a meas- 
ured optical amplifier 6 formed of an optical fiber com- 
prising a rare earth element of erbium, etc., added, an 
input optical terminal 7, and an output optical terminal 8. 
[0041 ] In FIG. 1 , first the rectangular shape spectrum 
light source 1 outputs a continuous spectrum whose lev- 
el is flat and a wide band in the wavelength range re- 
quired by the measuring person. FIG. 2 is a drawing to 
show an ideal spectrum shape output by the rectangular 
spectrum light source in the first embodiment of the in- 
vention. That is, an output spectrum 9 as shown in FIG. 
9 is output from the rectangular spectrum light source 
1 ; the rectangular spectrum is not limited to such an ide- 
al spectrum shape. Generally, amplified spontaneous 
emission output by the optical amplifier such as ED FA, 
to be evaluated in the invention when no signal light is 
input is spectrum-shaped through a filter, etc., for use, 
but the invention is not limited to it and a semiconductor 
light emission element of SLD (super luminescent di- 
ode), etc., may be used. 

[0042] The first optical modulator 2 is a high-speed 
optical switch and fast pulse-modulates continuous light 
output from the rectangular spectrum light source 1 . The 
first optical modulator 2 is controlled by a pulse signal 
[a] output by the modulation signal generation section 4 
and the modulation frequency is determined by the 
atomic lifetime at an upper level of an amplification me- 
dium of the measured optical amplifier or the carrier life- 
time. At present, a rare earth element doped fiber am- 
plifier such as EDFA (erbium doped fiber amplifier) gen- 
erally a fiber optical amplifier comprising a rare earth 



element of EDFA, etc., added with a rare earth element 
of erbium, etc., added into an optical fiber core is used; 
the atomic lifetime of rare earth element 2t eff is 0.2 to 
several 10 msec and thus the modulation frequency 

s may be about 1 0 kHz. However, most optical amplifiers 
developed in recent years vary excitation light power 
based on feedback and perform constant control of a 
gain or output light power and the time constant of feed- 
back cannot be ignored and thus the modulation fre- 

10 quency is set to 125 kHz or more in the embodiment. 
[0043] In recent years, study of a semiconductor op- 
tical amplifier using a semiconductor element as an am- 
plification medium has been conducted, and the semi- 
conductor optical amplifier has atom carrier lifetime 2x eff 

is of several ns or less. Therefore, if the measured optical 
amplifier 6 is a semiconductor optical amplifier, pulse 
modulation is executed at a frequency of 10 GHz or 
more. 

[0044] If the above-mentioned fast optical pulse mod- 
20 ulation light is made incident on the measured optical 
amplifier 6, when the input optical pulse is on, the meas- 
ured optical amplifier 6 amplifies signal light made inci- 
dent by stimulated emission. When the optical pulse is 
off, the measured optical amplifier 6 does not amplify 
25 signal light made incident by stimulated emission, and 
wide-band amplified spontaneous emission is output by 
spontaneous emission. 

[0045] An electron excited from a base level to an up- 
per level by excitation energy to a rare earth element 
30 emits a photon by a spontaneous emission process of 
spontaneously emitting energy at a certain probability, 
and the photon is amplified and output by a stimulated 
emission process as the amplification medium is ad- 
vanced. 

35 [0046] At this time, if it is assumed that the excitation 
energy is constant, when no input, namely, no signal 
light is input to the amplification medium, most of the 
excitation energy is used for emission of a photon by 
spontaneous emission and amplification in the stimulat- 

40 ed emission process of the emitted photon by sponta- 
neous emission. However, if signal light is input, most 
of the excitation energy is used for amplifying the signal 
light input by stimulated emission depending on the light 
energy of the input signal light and thus the photon emis- 

45 sion amount by spontaneous emission is decreased ac- 
cording to the law of conservation of energy. 
[0047] Thus, the output power of the amplified spon- 
taneous emission changes depending onwhether or not 
signal light exists, but the time constant of the sponta- 

so neous emission process is determined by the atomic 
lifetime 2x eff at the upper level of rare earth element and 
thus the on/off switch time of signal light should be faster 
than 2x eff . If the signal light is switched in a sufficiently 
shorter period than 2x eff , a constant power of amplified 

55 spontaneous emission is output independently of 
whether the signal light is on or off. The amplified spon- 
taneous emission quantity is determined by the time av- 
erage value of signal light power. 
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[0048] When WDM signal light, etc., provided by mul- 
tiplexing signal light beams having a plurality of wave- 
lengths (namely, frequencies) is input to the excited am- 
plification medium, the signal light having each wave- 
length is amplified by stimulated emission and the am- 
plification factor varies from one wavelength to another. 
If the signal light beams multiplexed equal in total band 
width and center wavelength and total light power, the 
gains and noise figures of the wavelengths become 
equal regardless of the number of channels (namely, the 
number of multiplex wavelengths). However, this condi- 
tion is satisfied when the channel (wavelength) interval 
becomes narrower than one value, and if the channel 
interval is wide, the condition does not apply. The phe- 
nomenon is caused by the homogeneous characteristic 
of the amplification medium of a rare earth element, etc., 
and the channel (wavelength) interval is narrow if the 
amplification wavelength is short; the channel (wave- 
length) interval becomes wider as the amplification 
wavelength becomes longer. 

[0049] Therefore, if the use condition of the measured 
optical amplifier 6, namely, the input wavelength interval 
satisfies the above-mentioned condition, even if the 
WDM signal light provided by multiplexing a large 
number of signal light beams is not used, the same re- 
sult as that using WDM light source can be provided if 
wide-band spectrum light of the rectangular shape spec- 
trum light source having a continuous spectrum de- 
scribed above or the like is made incident and the gain 
and noise figure are measured. That is, the invention 
focuses attention on such a phenomenon. 
[0050] This point will be discussed in detail with ref- 
erence to the accompanying drawings. FIG. 3 is a draw- 
ing to show the amplification form of the measured op- 
tical amplifier based on an input rectangular spectrum 
and output light spectrum of the measured optical am- 
plifier in the first embodiment of the invention. That is, it 
shows a wide-band spectrum 9 output by the rectangu- 
lar spectrum light source 1 , an output light spectrum 10 
amplified by the measured optical amplifier 6, and a am- 
plified spontaneous emission spectrum 11 at the ampli- 
fication time, output by the measured optical amplifier 6 
with the signal light component suppressed. The wave- 
length axis and the level axis are shown as an example 
and the invention is not limited to them. 
[0051] FIG. 4 is a drawing to show the gain charac- 
teristic and noise figure characteristic of the measured 
optical amplifier 6, measured in the first embodiment of 
the invention with a wavelength axis as a variable. That 
is, it shows wavelength characteristic of the gain, 12, 
and wavelength characteristic of the noise figure, 13. 
The result provided in the related art is limited to the 
provided wavelengths as described above, but the 
measurement result can be found as continuous data 
according to the first embodiment of the invention. 
[0052] FIG. 5 shows comparison between the ampli- 
fication form in the related art and that of the measured 
optical amplifier 6 in the first embodiment of the inven- 
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tion. That is, it is a drawing to show the amplification 
form when wavelength multiplexed signal light in the first 
embodiment of the invention and wavelength multi- 
plexed signal light in the related art are input to the same 
5 measured optical amplifier. 

[0053] FIG. 6 shows comparison between the gain 
characteristic and the noise figure characteristic in the 
first embodiment of the invention and those in the relat- 
ed art. That is, it is a drawing to show comparison be- 
to tween the gain and noise figure measurement results of 
the measured optical amplifier in the optical amplifier 
evaluation method in the first embodiment of the inven- 
tion and those in the optical amplifier evaluation method 
in the related art with a wavelength axis as a parameter. 
is As a result of the actual experiment, they matched about 
±0.2 dB. 

[0054] Based on such a principle, the post-amplified 
signal light and amplified spontaneous emission output 
from the measured optical amplifier 6 are made incident 
20 on the second optical modulator or high-speed optical 
switch (second optical modulator) 3 through the output 
optical terminal 8. 

[0055] Like the first optical modulator 2, the second 
optical modulator 3 is controlled by the modulation sig- 

25 nal generation section 4 and the modulation frequency 
of the second optical modulator 3 is the same as that of 
the first optical modulator 2 and can be set as desired 
in the 360-degree range based on the phase of the first 
optical modulator 2. The measured optical amplifier 6 

30 outputs signal light power [P outn ] of the amplified signal 
light undergoing pulse modulation and amplified spon- 
taneous emission power [P A sE_nl of tne measured op- 
tical amplifier 6 output in a time domain wherein the op- 
tical pulse signal does not exist in time sequence as out- 

35 put light. 

[0056] FIG. 7 is a drawing to show relative phase re- 
lationships between pulse light output by the measured 
optical amplifier and the second optical amplifier in the 
first embodiment of the invention. As shown in the figure, 

40 the measured optical amplifier 6 outputs timing pulses 
as shown in OUTPUT LIGHT TIMING (A). The second 
optical modulator 3 is tuned with the timings at which 
two different light outputs exist, whereby the amplified 
signal light power and the amplified spontaneous emis- 

45 sion power can be detected. That is, to detect the am- 
plified signal light power [P ouU J, tne Phase of the sec- 
ond optical modulator 3 is sef as shown in B (timing of 
second optical modulator when post-amplified signal 
light beam [P ou t_nl is measured) in FIG. 7. 

so [0057] At this time, the amplified spontaneous emis- 
sion is suppressed because of the off state of the second 
optical modulator 3. To detect the amplified spontane- 
ous emission, the phase of the second optical modulator 
3 is set as shown in C (timing of second optical modu- 

55 lator when amplified spontaneous emission power 
[ p ASE.nl is measured) in FIG. 7. At this time, the ampli- 
fied signal light is suppressed because of the off state 
of the second optical modulator 3. 
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[0058] As described above, the post-amplified signal 
light power [P outn ] and the amplified spontaneous emis- 
sion power [P ASE n ] are measured in the wavelength 
(frequency) components (Vj to v m ) of the rectangular 
shape spectrum light source 1 and the gain [G n ] is found 
according to expression (7) and the noise figure [NF n ] 
is found according to expression (8): 

~ ^out_n " ^ASE_n , 7 x 
r in _ n 

NF n = J^NU^- (8) 

; 

where n is 1 to m. 

[0059] That is, calculation is thus performed, whereby 
the gain characteristic [G n ] and the noise figure charac- 
teristic [NF n ] can be found easily and precisely at each 
wavelength (frequency) of the measured optical ampli- 
fier 6. 

[0060] Next, a second embodiment of the invention 
will be discussed. To improve the characteristic at the 
WDM signal amplification time, most optical amplifiers 
developed in recent years comprise each a gain correc- 
tor called a gain equalizer for improving the wavelength 
characteristic of an amplification factor. The gain equal- 
izer is formed of passive device of a dielectric multi-layer 
filter, an optical fiber Bragg grating, etc. The device itself 
contains a fine ripple, etc., and consequently the ripple 
appears in the gain characteristic and the noise figure 
characteristic of the optical amplifier. 
[0061 ] If one optical amplifier has a small ripple width, 
in fact the optical amplifiers are used as multi-stage re- 
lay in most cases and thus if the characteristic is the 
same, the ripple width is increased depending on the 
number of relay stages and finally may become a ripple 
width that cannot be ignored. Because of the ripple, a 
slope occurs in the gain and the noise figure and the 
light source wavelength is shifted, thus the gain and the 
noise figure change largely. 

[0062] In the related art, the gain and the noise figure 
are measured only at the wavelengths of the provided 
light sources and thus it is difficult to clarify the gain and 
noise figure slopes caused by such a fine ripple. 
[0063] The second embodiment pays attention to the 
importance of the above-described problem and can be 
realized easily by using a rectangular spectrum light 
source as described in the first embodiment. That is, the 
gain and noise figure characteristics of the measured 
optical amplifier 6 provided in the first embodiment are 
those shown in FIG. 4 and FIG. 8 shows a part of FIG. 
4 on an enlarged scale. That is, FIG. 8 is a drawing to 
show an example of a gain slope caused by a ripple con- 
tained in the measured optical amplifier in the second 
embodiment of the invention. 

[0064] In FIG. 8, AA. is a wavelength shift amount from 



an originally setup light source wavelength X0 and AG 
is the gain change width when 2AX shift occurs. The pa- 
rameters can be used to easily find a gain slope 8. 
[0065] FIG. 8 shows only one example of the gain 

s slope and the gain slope is not limited to it. In the exam- 
ple, the gain slope is described; the description can also 
be applied to the noise figure and a noise figure slope 
can also be easily found according to the embodiment. 
[0066] Next, a third embodiment of the invention will 

10 be discussed. FIG . 9 is a block diagram to show the con- 
figuration of an optical amplifier evaluation instrument 
and an optical amplifier evaluation method in the third 
embodiment of the invention. The configuration in FIG. 
9 is the same as that previously described with refer- 

15 ence to FIG. 1 except that the first optical modulator 2 
in the first embodiment is removed. That is, in the first 
embodiment, the rectangular spectrum light source 1 
emits continuous light; if the rectangular spectrum light 
source 1 is provided with a direct modulation function 

20 with an electric signal, an easy and highly accurate op- 
tical amplifier evaluation method can be realized ac- 
cording to the configuration as shown in FIG. 9 without 
using the first optical modulator 2. 
[0067] Next, a fourth embodiment of the invention will 

25 be discussed. In the first embodiment of the invention, 
when the post-amplified signal light power [P ouU J and 
the amplified spontaneous emission power [P A sE_rJ are 
measured, the phase of the second optical modulator 3 
relative to the first optical modulator 2 is shifted 180 de- 

30 grees for output. However, if their synchronization is not 
complete or if the phases overlap each other, the com- 
ponents of the post-amplified signal light power [P out _ n ] 
and the amplified spontaneous emission power [P A sE_nl 
are leaked into output from the second optical modulator 

35 3 and it is made impossible to execute precise meas- 
urement. 

[0068] Then, in the fourth embodiment, the on/off ratio 
between a first optical modulator 2 and a second optical 
modulator 3 is changed and the on duration of the sec- 
40 ond optical modulator 3 is set shorter than that of the 
first optical modulator 2 for solving the above-described 
problem. 

[0069] That is, FIG. 1 0 is a drawing to show the rela- 
tive phase relationships among the first modulator, 

45 pulse light output by a measured optical amplifier, and 
the second optical amplifier in the fourth embodiment of 
the invention. In FIG. 10, A is the modulation signal tim- 
ing of the first optical modulator 2 output from a modu- 
lation signal generation section 4, B is the output light 

so timing at which signal light output from the first optical 
modulator 2 is output after it is amplified by a measured 
optical amplifier 6, C is the modulation signal timing of 
the second optical modulator 3 when post-amplified sig- 
nal light power [P out n ] is detected, and D is the modu- 

55 lation signal timing of the second optical modulator 3 
when amplified spontaneous emission power [P A sE_nl 
is detected. 

[0070] The time difference occurring between the tim- 
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ings A arid B is a delay received when the signal light 
propagates through the measured optical amplifier 6. 
The delay time varied depending on the configuration of 
the measured optical amplifier 6 and therefore it is de- 
sirable that the modulation signal generation section 4 
should have a function of correcting the delay amount. 
[0071] The timing at which the post-amplified signal 
light power [P ou t_ n ] ' s detected is a combination of the 
timings B and C; the optical modulators operate at the 
following timings by changing the on/off ratio described 
above: 

[0072] Time t0-t1 is a delay when the pulse modula- 
tion signal light propagates through the measured opti- 
cal amplifier 6. The post-amplified pulse signal light out- 
put from the measured optical amplifier 6 is turned on 
at t1 and is turned off at t4. To detect the post-amplified 
signal light power [P ou t_rJ in tne embodiment, the sec- 
ond optical modulator 3 is turned on at the timing t2 and 
is turned off at the timing t3. The timings are set to such 
relative timings, whereby guard times of the time t1-t2 
and the time t3-t4 are provided and if relative position 
fluctuation of modulation signal or the like occurs to 
some degree, the post-amplified signal light power 
[P outn ] can be detected precisely. 
[0073] Likewise, to detect the amplified spontaneous 

emission power [P A sE_nL P u,se ,j 9 nt is off t0 tne time 
t4-t7 and it is made possible to detect amplified sponta- 
neous emission. The timings B and D are combined. At 
the time, the phase of the second optical modulator 3 is 
shifted 180 degrees from the timing C and the second 
optical modulator 3 is turned on at the timing t5 and is 
turned off at the timing t6, whereby guard times of the 
time t4-t5 and the time t6-t7 are provided. Accordingly, 
the amplified spontaneous emission power [P A sE_rJ can 
also be detected precisely, so that the gain and noise 
figure characteristics of the optical amplifier can be eval- 
uated easily and with high accuracy regardless of the 
observer. 

[0074] Next, a fifth embodiment of the invention will 
be discussed. FIG. 11 is a block diagram to show the 
configuration of an optical amplifier evaluation instru- 
ment and an optical amplifier evaluation method in the 
fifth embodiment of the invention. The configuration in 
FIG. 11 is the same as that previously described with 
reference to FIG. 1 except that the second optical mod- 
ulator 3 in the first embodiment is removed. 
[0075] In the optical amplifier evaluation method in the 
invention, if the light intensity measuring instrument 5 
such as a light spectrum analyzer comprises a gate 
measuring function of measuring in synchronization 
with an external timing signal [b], the second optical 
modulator 3 can be omitted as in the configuration 
shown in FIG. 11. FIG. 12 is a block diagram to show 
another configuration of the optical amplifier evaluation 
instrument and the optical amplifier evaluation method 
in the fifth embodiment of the invention. That is, as 
shown in FIG. 12, the rectangular pulse light source in 
the third embodiment may be used together. Thus, the 



simplified optical amplifier evaluation method can be re- 
alized according to the fifth embodiment. 
[0076] Next, a sixth embodiment of the invention will 
be discussed. The sixth embodiment is characterized 
5 by the fact that an acousto-optic modulator (AOM) or an 
acousto-optic switch (AOS) is used with a first modulator 
2 and a second optical modulator 3. 
[0077] That is , the acousto-optic modulator or the 
acousto-optic switch operates at high speed as corn- 
to pared with various modulators or switches and is high 
in pn/off extinction ratio and thus is optimum for the in- 
vention. The easily available acousto-optic modulator or 
acousto-optic switch at present can modulate to several 
MHz and thus can modulate in a sufficiently shorter pe- 
ts riod than the atomic lifetime 2x eff at the upper level of 
rare earth element. The extinction ratio in a single unit 
is about 40 to 60 dB. If the gain of a measured optical 
amplifier 6 is large and amplified signal light cannot com- 
pletely be extinguished, multiple stages of the acousto- 
20 optic modulators or acousto-optic switches are cascad- 
ed, whereby a very high extinction ratio can be provided 
easily. 

[0078] Next, a seventh embodiment of the invention 
will be discussed. In the embodiment, based on the 

25 above-described optical amplifier evaluation method, a 
control and arithmetic unit of a CPU, etc., is provided for 
controlling components such as a modulation signal 
generation section 4 and a light intensity measuring in- 
strument 5 and reading and computing the measure- 

30 ment result of the light intensity measuring instrument 
5, whereby an optical amplifier evaluation instrument 
that can measure the gain and noise figure characteris- 
tics of a measured optical amplifier 6 easily and with high 
accuracy independently of the measuring person can be 

35 provided. 

[0079] Next, an eighth embodiment of the invention 
will be discussed. The described optical amplifier eval- 
uation instrument of the seventh embodiment further 
comprises an optical variable attenuator, etc., in which 

40 an arbitrary attenuation amount can be set between a 
rectangular spectrum light source 1 and a measured op- 
tical amplifier 6 and the optical variable attenuator, etc., 
is controlled by a control and arithmetic unit, whereby it 
is made possible to automatically set input signal light 

45 power [P in n ] to the measured optical amplifier 6 to any 
value desired by the measuring person. 
[0080] Therefore, a plurality of different types of input 
signal light power [P in n ] can be set automatically and 
the optical amplifier evaluation instrument that can 

so measure the gain and noise figure characteristics of a 
measured optical amplifier 6 easily and with high accu- 
racy can be provided. 

[0081] Next, a ninth embodiment of the invention will 
be discussed. To compute the gain and noise figure of 
55 a measured optical amplifier 6 in an optical amplifier 
evaluation instrument, it is necessary to measure signal 
light power input to the measured optical amplifier 6, 
[Pin J, signal light power amplified by the measured op- 



9 



17 



EP1 148 664 A2 



18 



tical amplifier 6, [P ou t_ n ]. and amplified spontaneous 
emission power output by the measured optical ampli- 
fier 6, [P A sE_nl- Tne amplified signal light power [P out n ] 
and the amplified spontaneous emission power [P A sE_nl 
can be found by shifting the phase of the second optical 
modulator 3 as described in the preceding embodi- 
ments, but the input signal light power [P in n ] needs to 
be previously found before the measured optical ampli- 
fier 6 is connected. 

[0082] To set the signal light power input to the meas- 
ured optical amplifier 6, [P in _ n ]> in a plurality of different 
conditions with an optical variable attenuator, etc., as 
described above in the eighth embodiment, it is neces- 
sary to measure all before the measured optical ampli- 
fier 6 is connected, and an error may occur in the meas- 
urement result because of connection change by the 
measuring person, accidental light source output power 
fluctuation, or the like; it is difficult to provide an auto- 
matic and highly accurate optical amplifier evaluation in- 
strument. 

[0083] Then, in the ninth embodiment, a circuit con- 
figuration as shown in FIG. 13 is provided to solve the 
above-described problem. That is, FIG. 13 is a block di- 
agram to show a configuration example of optical path 
switch means in the ninth embodiment of the invention. 
In the ninth embodiment, to solve the above-described 
problem, optical path switch means 14a and 14b of 1X2 
optical switches, etc., are provided as shown in FIG. 13. 
That is, an input optical terminal 7 is connected to a ter- 
minal 2 of the optical path switch means 1 4a and an out- 
put optical terminal 8 is.connected to a terminal 2 of the 
optical path switch means 1 4b, whereby the optical path 
switch means 14a and 14b are connected to a meas- 
ured optical amplifier 6 as a path (1). A terminal 3 of the 
optical path switch means 14a and a terminal 3 of the 
optical path switch means 1 4b are directly connected as 
a path (2). Accordingly, the paths (1) and (2) are 
switched for each measurement item, whereby the 
above-described problem is solved and an optical am- 
plifier evaluation instrument that can automatically 
measure the gain and noise figure characteristics of the 
measured optical amplifier easily and with high accura- 
cy independently of the measuring person can be pro- 
vided. 

[0084] FIG. 14 is a block diagram to show another 
configuration example of optical path switch means in 
the ninth embodiment of the invention. That is, optical 
path switch means 1 5 is a 2X2 optical switch, the switch 
form is a cross type, and terminals 1 and 3 can be set 
to terminals 2 and 4 relatively. The forms of the optical 
path switch means described in the embodiment are on- 
ly as an example and any other form may be adopted 
and the optical path switch means are not limited to the 
forms shown in the figures. 

[0085] As described above, according to the inven- 
tion, the optical amplifier evaluation method and the op- 
tical amplifier evaluation instrument that can measure 
the gain and noise figure characteristics of an optical 



amplifier easily and with high accuracy without causing 
a measurement result difference to occur depending on 
the measuring person and continuously measure a 
large number of optical amplifiers can be provided. 

5 [0086] According to the invention, the gain and noise 
figure characteristics at wavelength multiplexed signal 
light amplification time can be measured continuously 
easily and with high accuracy without providing a large 
number of light sources and the performance of a plu- 

10 rality of measured optical amplifiers can be determined 
with less variations and automatically. 
[0087] Further, according to the invention, research 
and development, manufacturing inspection and deliv- 
ery inspection, aging degradation inspection, etc., of op- 

15 tical amplifiers can be conducted easily and precisely. 
Since the method and the apparatus of the invention can 
be used to easily and precisely measure any kind of the 
optical amplifiers used with an optical signal transmis- 
sion line, noise design of the optical signal transmission 

20 line containing a transmission line, turnouts, etc., can 
be carried out properly. 
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NOISE FIGURE 



Claims 

5 

1. In an optical amplifier evaluation instrument com- 
prising: 

a rectangular spectrum light source for provid- 
ing high-level light output having a flat charac- 10 
teristic at an output level in an arbitrary wave- 
length range of an optical signal and a rectan- 
gular spectrum shape over a wide band; 
a first optical modulator for pulse-modulating 
output light of said rectangular spectrum light 15 
source and causing an on/off state of an optical 
signal to exist in a time domain in any constant 
period; 

a second optical modulator for performing on/ 
off pulse operation in the same period as said 20 
first optical modulator in synchronization there- 
with, thereby providing a sampling window in a 
time domain for extracting and suppressing an 
optical signal; 

a modulation signal generation section for con- 25 
trolling said first optical modulator and said sec- 
ond optical modulator; 

a light intensity measuring instrument having 
an optical signal passage band width [Av n ] for 
measuring the optical intensity for each fre- 30 
quency; and 

a measured optical amplifier formed of an opti- 
cal fiber made of a rare earth element, an opti- 
cal amplifier evaluation method comprising the 
steps of: 35 

executing pulse strength modulation for an 
optical signal output from said rectangular 
spectrum light source in a sufficiently short- 
er period than the atomic lifetime at an up- 40 
per level determined by an amplification 
medium of said measured optical amplifier 
or the carrier lifetime and feeding a pulse 
generated accordingly into said measured 
optical amplifier; 4 * 
controlling the phase of said second optical 
modulator, synchronizing the sampling 
window with a time domain in which an op- 
tical pulse signal exists, and measuring 
post-amplified signal light power [P out n ] of 50 
output light of said measured optical ampli- 
fier for each frequency component con- 
tained in said rectangular spectrum light 
source; 

synchronizing the sampling window with a 55 
time domain in which an optical pulse sig- 
nal does not exist and measuring amplified 
spontaneous emission power [P A sE_nl °* 



output light of said measured optical ampli- 
fier for each frequency component con- 
tained in said rectangular spectrum light 
source; and 

computing a noise figure of said measured 
optical amplifier, [NF n ], with respect to 
each of the wavelengths according to 

k?c ^ASE n , 1 Mx 

NF " = h~G^ + G _ (1) 

wherein a Planck's constant is [h], each fre- 
quency component contained in said rec- 
tangular spectrum light source undergoing 
the pulse modulation is [ n ] the gain of said 
measured optical amplifier at each fre- 
quency is [G n ], the optical signal light pas- 
sage band width of said light intensity 
measuring instrument when the amplified 
spontaneous emission power [PASE_.nl * s 
measured is [A n ], and the sampling wave- 
length in a level flat portion of said rectan- 
gular spectrum light source is n=1 to m. 

2. The optical amplifier evaluation method as claimed 
in claim 1 wherein the gain of said measured optical 
amplifier, [G n ], is computed according to 

~ Pout _ n " P ASE _ n /ox 
G n = p ( 2 ) 

wherein light power for each wavelength compo- 
nent contained in said rectangular spectrum light 
source, [ n ], input to said measured optical amplifier 
«s [P in _rJ- 

3. The optical amplifier evaluation method as claimed 
in claim 1 , wherein fluctuations of values dependent 
on the input optical frequencies of the gain [G n ] and 
the noise figure [NF n ] of said measured optical am- 
plifier can be found continuously with respect to a 
wavelength axis based on continuity of the spec- 
trum contained in said rectangular spectrum light 
source input to said measured optical amplifier and 
slopes of the gain [G n ] and the noise figure [NF n ] at 
any desired wavelength can be found from the re- 
sult. 

4. The optical amplifier evaluation method as claimed 
in claim 1 , wherein said rectangular spectrum light 
source is driven directly by an electric pulse signal, 
whereby input optical pulse signal is provided. 

5. The optical amplifier evaluation method as claimed 
in claim 1 , wherein when the output light from said 
rectangular spectrum light source is continuous 
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light, the output light is allowed to pass through the 
optical modulator driven by an electric pulse signal, 
to provide an optical pulse fed into input of said 
measured optical amplifier. 

6. The optical amplifier evaluation method as claimed 
in claim 1 , wherein an optical modulator driven by 
a repetitive pulse signal synchronized with an opti- 
cal pulse signal supplied to the measured optical 
amplifier is used to separate the post-amplified sig- 
nal light power [P out n ] and the amplified spontane- 
ous emission power [pASE.nl continuously output in 
time sequence from said measured optical amplifi- 
er. 

7. The optical amplifier evaluation method as claimed 
in claim 1 , wherein to detect the post-amplified sig- 
nal light power [P out _ n ] and the amplified spontane- 
ous emission power [Pase nl continuously output in 
time sequence from said measured optical amplifi- 
er, the post-amplified signal light power [P out n ] and 
the amplified spontaneous emission power [P ASE n ] 
are measured by said light intensity measuring in- 
strument having a gate measuring function based 
on timing conducts measurement. 

8. The optical amplifier evaluation method as claimed 
in claim 1 , wherein the time as a width of the sam- 
pling window as said second optical modulator is 
turned on/off is shorter than the time during which 
said first optical modulator is on or off and relative 
phase relationship such that an overlap exists in 
time domains preceding and following the sampling 
window of said second optical modulator as said 
first optical modulator is turned on or off is set for 
providing guard time. 

9. The optical amplifier evaluation method as claimed 
in claim 1 , wherein said measured optical amplifier 
is an optical fiber amplifier comprising a rare earth 
element added and the modulation frequency of in- 
tensity modulation light is 10 kHz or more. 

10. The optical amplifier evaluation method as claimed 
in claim 1 , wherein said measured optical amplifier 
is a semiconductor optical amplifier and the modu- 
lation frequency of intensity modulation light is 1 
GHz or more. 

11. The optical amplifier evaluation method as claimed 
in claim 5 wherein said optical modulator is an acou- 
sto-optic modulator. 

12. The optical amplifier evaluation method as claimed 
in claim 6 wherein said optical modulator is an acou- 
sto-optic modulator. 

13. An optical amplifier evaluation instrument compris- 



ing a control and arithmetic unit for controlling the 
components to realize an optical amplifier evalua- 
tion method as claimed in any of claims 1 to 12, per- 
forming operations on the results detected by said 
5 light intensity measuring instrument, and calculat- 
ing the gain [G n ] and the noise figure [NF n ] of said 
measured optical amplifier for making it possible to 
conduct automatic measurement. 

10 14. The optical amplifier evaluation instrument as 
claimed in claim 13 further comprising an optical 
variable attenuator for varying pulse-modulated 
light power of said rectangular spectrum light 
source input to said measured optical amplifier and 

15 setting arbitrary input light power, wherein the opti- 
cal variable attenuator is controlled by the control 
and arithmetic unit 

15. The optical amplifier evaluation instrument as 
20 claimed in claim 1 3, further comprising optical path 
switch means, wherein the optical path switch 
means is controlled by the control and arithmetic 
unit, whereby the light power for each frequency 
component input to said measured optical amplifier, 
25 [ p in_nl' and tne post-amplified signal light power 
[P out n ] and the amplified spontaneous emission 
power [P AS E_rJ output from said measured optical 
amplifier are measured automatically. 

30 



35 



40 



45 



50 



55 



13 



EP 1 148 664 A2 




14 



EP1 148 664 A2 




FIG. 3 



10 r ■ ' i ■ { 



I 1 ' 



-10 : 



G 

CO 



£ 



10: OUTPUT SPECTRUM OF 
^MEASURED OPTICAL AMPLIFIER 




-30 



-50 



2 



-70 



11: AMPLIFIED SPONTANEOUS 

EMISSION SPECTRUM WHEN SIGNAL 
LIGHT COMPONENT IS SUPPRESSED 

9: WIDE-BAND SPECTRUM 

OUTPUT BY RECTANGULAR. 

SPECTRUM LIGHT SOURCE 1 
'«''«'»' i i i — t i » — i — i — i — i — i i I — i — t- 



1550 



1555 1560 
WAVELENGTH [nml 



1565 



15 



EP1 148 664 A2 



FIG. 4 



25 



20 - 



m 15 H 



o 10 



■i i i — i — i — i — J — i — r 



1 ' 1 ' 



1550 



i i — i — i — | — i — i — i i { i — r— 

12: WAVELENGTH 

CHARACTERISTIC OF GAIN 




13: WAVELENGTH CHARACTERISTIC 
V 0F NOISE FIGURE 



25 



20 



15 



10 



■i i i i ■ i i i 



1555 1560 
WAVELENGTH [nm] 



1565 



FIG. 5 



E 

CD 
T3 



_7 -30 r 



> 

LU 




1550 



1555 1560 
WAVELENGTH [nm] 



1565 



16 



EP 1 148 664 A2 



FIG. 6 



25 



\ I \ \ I \ 1 1 1 I \ 1 > I I — { I » » » I I 



25 



m 
-o 



20 



15 




20 



, c CO 

15 m 



10 



o 



03 



I t i 



1 l ■ i 1 » ' 1 1 1 ' » ' 



1550 



1555 1560 
WAVELENGTH (nmj 



1565 



17 




EP1 148 664 A2 



3 

DO 



LU 
CO 

o 
co 

CO 

LU 

CO 

z> 

2 



CD 



o 

CO 

o 

LU 

Ul. 
— J 

-A 



2 

CO 
Q 



Q. 

< 



2: 
O 



UJ 



CD 

QC 
UJ 

OZj 
CC Q- 

^3 

CD < 

EE 

ss 

— 1 LU 

□L CO 
I— < 
3 LU 

OS 



OCL 

oz 

Z LU 
O X 

tig 

O^Sfc — * 

CO 



O 
UJ 

t= CC 
X ID 
OCO 

2 CO 

o — 



Q 
_,UJ 

< U_ 



s 



LU „ 3 ui 

o: 

isil 

FScoci 
O 



'55 

I -J I— 



18 



EP 1 148 664 A2 



r 



FIG. 8 



25 



20 



m 15 



o 10 



tiii — | — i — i — i — r 



ZOOM-IN^^ 



17 



1552 




GAIN SL0PE:8[dB/nm] 
Xo (GRID WAVELENGTH) - 



WAVELENGTH [nm] 



1553 




i i i 



■ ' ■ 



JO 

10 ™ 

a. 
W 



- 5 



1550 



1555 1560 
WAVELENGTH [nm] 



1565 



19 



EP 1 1 48 664 A2 




20 



EP 1 148 664 A2 



S5 

CO 

h- 

X 

(3 



(3 
CO 



3 



O 

CO 
CO 

LU 

CO 

z> 

O 
iii 



CO 

Q 

LU 



,2 



CD 



Li. 
O 



|\3 

o 



LU 



eg 

CD 



DC 

»§ 

is 

h" -I 

5o 

Q CO 
OCC 



CO 

cc 

LU 

sir 

Oj 
CC Q_ 



IO 

-I LU 
Q- CO 

OS 
CD 



Q 
LU 
CC 



OCL 

q : 
o; 



Z3 < 

; zco 
cogco 5 

llPq 1 
f=2<CQ 

o 



o 

fci 

o< 

2 LU 

ox 
o 5 

UJ 

si 

S ^ ty 

isss 

1 — IE CO CL 



O 
UJ 

CC 

COLLI 
COS 

SCO 
LU — 

CO c 
lu 

o ^ 

UJ cu 



21 




FIG. 11 



1 

d. 

RECTANGULAR 

SPECTRUM 
LIGHT SOURCE 



2 

dL 

OPTICAL 
MODULATOR 

(D 



a— 



4 



MODULATION SIGNAL 
GENERATION SECTION 



7 



6 



MEASURED 
±\ AMPLIFIER - r 



8 



5 

d 

UGHT 
SPECTRUM 
ANALYZER 



7 8" 



> 



F/G. /2 



1 



RECTANGULAR 

SPECTRUM 
LIGHT SOURCE 



7 



6 



MEASURED 
AMPLIFIER P 

7' 8' 



8 



5 

LIGHT 
SPECTRUM 
ANALYZER 



4 

cL 

MODULATION SIGNAL 
GENERATION SECTION 



22 




23 



# 



EP 1 1 48 664 A2 



FIG. 14 



2 

e± 

OPTICAL 
MODULATOR 
(D 




3 

d. 

OPTICAL 
MODULATOR 
(2) 



6 



8 

Sd MEASURED brL 
- AMPLIFIER - 



24 



EP 1 148 664 A2 




■H- -W- -H- 



T 



T 

o 
o 



■M- 



25 



# 



EP1 148 664 A2 



FIG. 16 



10 



-10 



E 
m 



" -30 



-50 



-70 



~i i — i r~ 



~i — l — I I | — i — i — I — I — | — I — i — I I | — I — I — i — ! — | — i — i — r~ 

111: OUTPUT LIGHT SPECTRUM OF 
s> MEASURED OPTICAL AMPLIFIER : 




110: WAVELENGTH MULTIPLEXED 
INPUT SIGNAL LIGHT SPECTRUM 

I I I Till 1 1 1 t I I I I I i 1 ■ ' » 



1550 



1555 1560 
WAVELENGTH [nm] 



1565 



FIG. 17 10 



-10 r 



E 
CO 



UJ 



-30 



-50 



-70 



-I 1 i l | l l i i | 



1 



114 



J 



PouU 




Pout_2 


K 






! PinJ 




\ Pin_2 










/ 


%r 


!|Pase_i 




|IPASE_2 









112 



1 



r 



X2 



Pin_3 
'ASE 3 



1 — « — r " 
Pout^4 

r 

Pin 4 



PASE.4 



1 



X% !X4 » . 

I— J l_ I — —I I i 1 



1551 



1553 

WAVELENGTH [nm] 



1555 



26 




EP1 148 664 A2 



CD 



S5 

CO 

o 



CD 

CO 

Q 
UJ 

uu 



J- 



CO 
CO 



CO 

o 

UJ 



Q 
UJ 

u_ 

Zi 

Q. 

2. 



2 . 



o 



2 

o 



UJ 



QC 

p 



io 



si 

o co 

OCE 

5C 



CO 
DC 



OH 
en cu 
u_ ^ 

0< 

IS 
!=£ 

xo 

-j UJ 
i— en 

5=) 

Q_ CO 
h- < 



CO 




Q 
UJ 

cc 



uj — -3 
CO ceo 
u_ P!£ u . 

hSCOQ. 



UJ 

I 



27 



# 



EP 1 148 664 A2 



FIG. 19 



-r— i — r— i — i — r — r— t- 



15 - 



| I I I I | 1 1 I I | I ! 

11 5: WAVELENGTH 

CHARACTERISTIC OF GAIN 




1 16: WAVELENGTH CHARACTERISTIC 
OF NOISE FIGURE 




0 1 1 ' 1 x 
1550 



25 



20 



15 



10 



J ' I I ■ — 1 I I I — I — I 1— J 1 I — I — 1 I I — uJL-l-j — I I — I 0 

1555 1560 1565 



WAVELENGTH [nm] 



28 



